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© Modified epoxy resins having acalylenically unsaturated functions. 
© A modified epoxy re^in or compound of the formula: 



J 

A -6 0CH_CTCH 3 ~0-C-*CSCK ] Q 

1 3 l 2 
OH R 

N wherein A is *e backbone r^e el a ffE fhX- ' "cr^SS 

to 

00 

in 



RsnkXarox (UK) Business Sorefcsa 
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Background Of the Invention 

This invention relates to modified epoxy reains or compounds having acetylenically unrated 
funcdons. These resins or compounds may be used in a nonemanating resinous oomposrtton capsWe of 
s curing through different curing mechanisms appropriate to Ihe dffierem funcbcnal groups. 

It has been known that certain compounds having acetyienicaily unsaturated groups such as ethynyl Or 
oroovnyl group may be polymerized into a conjugated diene polymer. Because of *e.r un.que polymer 
-d the unique elecirica. and physical properties of their polymers, such compour,^ ^ B 
Greeting a great interest as a component for producing saturable, nonemanshng 
to Japanese pLnt Kokal No. 108213/89. for example, discloses a propargyl ether of cresol novolac ream as 

^l^mTn^ntion provides a novel Cass of epoxy-based modmed resins having a plural of 
acetylenically unsaturated lunctions in the molecule. 

is Summary of the Invention 

According to one aspect of the present Invention, there is provided a resin or compound rravinO the 
formula: 

20 R 1 

I 

A -E 0CH-CHCH 2 -a-C-C=CH ] Q 
OR 3 R 

wherein. A is the backbone residua of a glycidyl *her or ester ^ epoxy resin or ^ 
of the terminal glycidyioxy groups. R 1 and R» are fndependentty hydrogen atom or 0,-C.a alley.. R* • a 
hudrixran atom or olyefdyl group, and n Is an integer of greater than i. _^ ... .„ . 

M , * d 2S!n?» another aspect of the present invention, there Is provided a method far moc hfymg a 
<*£^£j£vp» epU resin or compound which comprises renting a ras,n or compound having 
SSStyot tormina, gfycjdyloxy groups with an acetylenic alcohol of the formula: 



• R 1 
I 

CH S C - G - OH 

i' 



40 



wnaroin R* and H 3 are as defined, to obtain e corresponding resin or compound having a plurality of 
terminal groups of the formula: 



R 1 
1 



-OCH 2 CHCH 2 -0~G-C=CH 



l 2 

OH H 



r£5S" to'eX Si tplct of the present invention. mere is proved a method for modifying a 
es alcohol of the formula: 



2 
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R 
I 

CH S C - C - OH 

4 

6 R 

wheran Ri and R* are as daflned. rp obtain a corresponding resin or compound having a plurality of 
terminal groups of the formula- 

I 

-OCH 0 CHCH 9 -0-C-C=CH 
?e OH R 



££££ pro*cfo?St) witt, apichior^dnne or g^3*f^^*^."' 
a ^responding «s.n or compound having a piuraiHy of term.na. groups of ft. formuia. 



20 



30 



R 1 
I 

~0CH o CHCff 0 -O-C-CSCH 

i 2 r 2 
o R 

J 

CH„ CH-CH, 

2 \ /. 
0 



■' wherein R 1 and ft* are as ttefined. 

i 

35 Detailed Discussion 

Tho rosin or compound of *e presant invanlion is charged by posting a piuraiKy of w**L 
groups of tho formula; 

« R 1 

-OCH „CHCH -0-C-C=CH » ' 

' 

OH R 

45 

or. 

~0-CH,CHCH 2 -0-C-C2CH < l) 

o R z 



1 

CH-CH-CK- 
2 \ / 



3 



PAGE 58/77 1 RCVDAT 8/19/2005 3:49:03 PM [Eastern Daylight Time) * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 * CSID:202 293 6229* DURATION (mnvss):18-54 



AUG. 1 9. 2005 4:1 1 PM CBL&O02 293 6229 



ft 



NO. 7225 P. 59 



EP 0 456 296 A2 



instead of terminal glycidyloxy groups possessed by convention epoxy resins or compounds. 

Starting from such conventional epoxy resins or compounds, the overall steps for obtaining the desired 
products include lhe following reactions: 

s Step (a) 



R 1 

i 

to -0-CH 0 -OH-CH 0 + HO-C-C=CH * 

\ / U 

O R 
OH R 

20 

Typical starting materials which may be used herein include bisphenol type epoxy resins such as 
bisphenol A epoxy resin, bisphenol S epoxy resin, bisphenol F epoxy resin and halogen-substituted 
bisphenoi epoxy resin. The term "bisphenol" as used herein include those compounds m which two 
Z5 phenolic molecules are coupled together by a bridge such as direct bond, -CH2-. -CtCHaJa-, -CCCFaJa-, -O- 
-CO -SO*- and the like. Bisphenol epoxy resins are produced, as Is well-known, by reacting 
blsphenote with epichlorohydrlne In the presence of an alkali. DiglycMyl ethers of blsphenqls are preferably 
used. 

Novolac epoxy resin may also be used as well- 
So Another class of epoxy resins or compounds comprises diglycidyl ethers of glycols such as 1.4- 
butanedlol, 1 .6-hexsnecSol. neopentyl glycol, rrydrogenated bisphenol A. polyethylene glycol, polypropylene 
glycol, poiytetramejhyjena alycol, eJkylene oxlde-adducts of blsphenols and the like- 
. * A further ctess of epoxy resins or compounds comprises dlglyckiyl esters of dicarboxyfic adds such as 
oxalic acid, succinic acid, adlpic acid, hexahydrcphthallc add. 4-methylhexahydrophthalic, acid. 
js tetrahydrophthaHc acid, phthalic acid. Isophthallc acid, terephthaKc add and the like. 

AcetytenJc alcohols used In step (a) include propargyl alcohol and Its «-mono- and o.rdl-Ci-Cii. 
preperably Ct -C* alkyl derivatives. Propargyl alcoho! is preferred. 

The reaction may be carried out In the presence of a basic catalyst such as tertiary amines, quaternary 
ammonium salts or alkali metal hydroxides either in en inert solvent or without UBlng the solvent. An excess 
to cF acatytenic alcohol may be used as a diluent A reaction temperature ranging between 80 C and 180 C 
may be employed. . 

The reaction product may be purified by the conventional technique such as fractionation distillation ana 
used as a component of nonemanotlng resinous compositions, or they may be subjected to the steps <b) 
and <c) below to introduce an epoxy function- 
's 

Steps <b) and (c) 



so 



4 
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20 



25 



30 



as 



K 1 
I 

2j 2 N 2 7 > 

OH R '0 Step (b) 

I 

^O-CH CHCfl 2 -0-C-C=CH -HCl 

^1 I k 



I 

CH 2 -CH 2 -CH 2 C1 



I 

-O-UH- CHCH -O^C-CsCK 

O R 
I 

2 N / Z 



Stops (b) and (c) may be performed either sequentially or simultaneously. 

In the sequential process, the product of stop {a) is reacted with epichlorohydrine or glyceroM.3- 
dlchlorohydrine bi the presence of a Lewis acid catalyst such as boron trtfluoride or its complex, stannic 
chloride and Vie (ike andthBn with an alkali such as sodium hydroxide, sotfum carbonate r barium hydroxide 
and the like, It is preferable to use epichlo/ohydrlne or glycerol-l ,3'dlchlorohydrine in excess, for example, 
about 1.5 to times on the equivalent basis. 

in' the simultaneous process, the product of step (a) is rected wren an excess or eptolorohydrine In the 
presence of an alkali such as sodium hydroxide and a phase transfer catalyst or tertiary amine or 
quaternary ammonium base. Typical examples of phase transfer catalyst include methylWoctylammoniurn 
chloride, methyftridecyl ammonium chloride, fetramethyJammonium chloride and tefrebirtyfemmonlum bro- 
mide and examples of quaternary ammonium base include ben sytbrt methyl ammonium hydroxide. 
' An excess, for example, about 2.5 to about 10 times on the equivalent basis of epichtoroihydrine serves 
to absorb hydrogen chloride produced as a reaction by-product and is converted Into glycerol-! .3- 

40 dichlorohydrine, L __ , , 

in the both processes, the reaction may be carried out h an inert solvent such as hydrocarbon solvents, 

ethers and ketones at a temperature from 40 * C to the boiling point of the solvent used. 

After removing the solvent, the reaction product may ba purified by the conventional technique although 

crude products containing a small amount of by-products such as chlorohydrine ethers produced in step (b> 
45 or hydroiysate of the product oi step <c> may be tolerated. , _ . ^ ■ . 

The resins or compounds thus prepared may be porymerized with a metallic catalyst or initiator, or by 

Irradiating with actinic radiations such as UV radiation, gamma radiation or electron beam radiation. They 

are therefore, useful as stock materials of resins used in paints, electric and electronic components. 

structural materials and nonlinear optical materials where nonemanatfng cure Is desired in tne finished 

60 P f0d ^* jnvantkm h ilIu£trated by ^ lowing examples wherein all parts and percents are by weight 
unless otherwise specified. 

Example 1 

A flask equipped with a stirrer, thermometer, nitrogen gas tube and reflux condenser was charged with 
475 a of a blsphenol A epoxy resin having an apoxy equivalent of 170, 560 g of propargyl^ alcoho and 3-075 
g of tetrabutylammonium chloride. The mixture was allowed to *eact by heating at 1*0 <5 untfl the epoxy 
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equivalent measured by the HCl-dioxane titration method was greater than 15,000. After the reaction* the 
product was evaporated In vacuo to remove unreected propargyl alcohol and then poised in 3 liter of 
methanol with stirring. After standing at room temperature methanol was removed to give a viscous resin 
having a number average molecular weight ss determined by the QPC method, of 500. 
5 The structure of the product was identified by the IR spectrum and 'H-NMR- 
Iffc 3300 cm- 1 . 2100 cm" 1 (CH=C-): 1810 cm" 1 , 
1510 cm-' (PheJ: m0 cm" 1 {O-)- 
'H-NMR 0. ppm): 2^ (-C-CH). 

jo Example 2 

A flask as used in Example 1 was charged with 500 g of a bisphenol A epoxy resin having an epoxy 
equivalent of 450. 138 g of porycaprolactone polyol having a number average molecular weight of 500, 0.1$ 
g of benzyidlmethylarnlne end 160 g of xylene. The mixture was allowed to read by healing at 150 C unul 

is an epoxy equivalent of 1200 was reached. 

After the above chain-extending reaction, the product was further reacted with B0 g of propargyl alcohol 
until the epoxy function disappeared. The reaction mixture was then evaporated in vacuo to remove 
unreected propargyl alcohol and xylene, and poured to 3 Bter of methanol with stirring. After standing at 
room temperature, methanol was removed to give a viscous resin having a number average moteelar weight 

20 of 2600 as determined by the ©PC method. 

IR: 3300 cm^\ 2100 cm" 1 (CH^O). 1110 cm" 1 K>-). 
'H-NMR (3, ppm) : 2.S (-OCH). 

Example 3 

Analogous to Example 1, 47$ g of 1 ,4-digtycidyloxy butane was reacted with 52S g of propargyl alcohol 
to gfve i>bis(3-propargyloxy^4)yc^rixvpropyl) oxybutane, 
IR- 3300 cm-'. 2100 cm-* (CteiC-). 
*H-NMR <*. ppm) : 2.5 (-OCH). 

30 

ExamplB 4 

Analogous to Example 1, 475 g of a cresol novolac epoxy resin' having en epoxy equivalent of 220 (T&to 
Kaser K.K., YDCr4-704) was reacted with £40 g of frcopafgyl ^ohol. A resin having a number average 
95 molecular weight of 2500 was obtained. 

IR: 3300 cm- 1 . 2100 cm" 1 (CH-O), 1110 crrr' <-0->. 
\H-NMR (», ppm) : 2.5 (-C-CH). 

Example 5 

Analogous to Example 1. 47S g of a bisphenol A epoxy resin having an epoxy equh^t of^ was 
reacted whh 180 g of ^ethyW.butyne-2-cl to give a resin having a number average molecular weight of 
t200. 

)H: 3300 cm* 1 , 2100 cm"' (CH»C>). 11 10 cm- 1 (-O-)- 
1 H-MWR (5, ppm) : 2-5 (-Ci=CH)> 

Example 6 

2,2-5fe[4K3-proparoyloxy-2^lycid^ 

A flask equipped with a stirrer, thermometer, nitrogen gas tube and reflux ^denser 
170.0 g of b^lycidyioxyphenyOpropane. 224.0 g gf propargyl alcohol and 1.0 g of 
2 RMn to react by healing at 115 *C until no epoxide function was detected by jhj**- 

dioxane titration method. After the reaction, unseated propargyl alcohol was removed from the react.on 

55 SK^I^i) g of ep^hiorohydnne and 4.0 g of 

me mixture heated at 50 "C B9.G g of 50 % aqueous solution of sodium hydroxide was added dropwlse 
Zr TELi ^ reaction was continued tor additional 4 hours while removing water as an e^trop.c 



40 



SO 
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mixture with epichlorohydrine in vacuo. After removing excessive ep^lorohydnne, the , reason ^duct^s 
treated wHh tofciene-water mixture to extract sodium chloride byproduct in water and the olu^e frac^on 
^ evaporated in vacuo to remove the solvent The title compound having an epoxy equivalent orf 290 (283 
In theory) wae obtained in a yield of 90.0 % of theory. 



s IR(crfH): 

CH«C-(33Q0,210O) 

CH 3 -<290 D ) 
-Ph-(1600. 1S0O) 

\ 2 / 



15 H-NMR Cppm) : 
CH3-0.S2) 



20 



O 

/ \ 

O 

/ \ 



-C-CH 2 -(4.19) 
30 Ph-H<6.80-7.13) 



40 



46 



50 



Example? 

Si9[4-f>proparp^Toyy-2^lyddvlcocypropylcx vVohe^ 

A flask as used in Example 6 was charged with 165.0 g of bla^lycldyl^ £SLU 



of 80.0 % of theory. 
IP (cm- 1 ) : 
CH-C-(3300. 1 2100) 
-PrKlSOO, 1510) 



\ 2 f 



$$ 



H-NMR (ppm) ! 



7 
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\ 2 / 
0 

CH -CH-(3-21) 
\ 2 / 



io *C-CH3-<4.19) 
Ph-H(6.81-7.15) 

Example 8 

J5 BiaC4K^rQp^gy^-2^tycidylftxypropylQxy)-phenyllsulfone 

A flask as used In Example 6 was charged with 180-0 g of bis^lycidyloxyphenyl^uKbne, 224.0 a of 
propargyl alcohol and 1.0 g of tetramethylammonium chloride. Tha mixture was aflowed to react by heeling 
at 115 " C until no epoxide function was detected by the HC1-dloxane titration method. After the reaction 
a> unreaded propargyl alcohol was removed from the reaction mixture by evaporation In vacuo. 

To the mixture were added 40.0 g of eplchtorohydrrne and <U) g of tetramethylanmionium chloride. To 
the mixture heated at 50 " C, 86.0 g ot 50 % aqueous solution of sodium hydroxide was added dropwise 
over 2 hours. Then reaction waa continued for additional 4 hours while removing water as an azeotropic 
mrxture wfth epichJorohydrirw in vacuo. After removing BxcBsaive epichlorohydnne, the reaction product was 
23 treated with toluene-water mixture to extract sodium chloride byproduct In water and the tokieno traction 
was evaporated in vacuo to remove the solvent 

The title compound having an epoxy equivalent of 300 was obtained In a yield of 92.0 % of theory. 
IR (cm"') : 
CH=CH-(33Q0, 2100) 

so 

CH A -CH-(900) 

. ^ y 

O ' 

35 

H-NMR (ppm) 
CH-CH-12.44) 



CH -CH-t2.6-2.8] 
O 

CH 2 -CH-{3.20) 



aC-CH 2 -(4.i9) 
Ph-H(M0-7,14) 

so "Analogous to Example 8. the following compounds were produced. 
Example 9 

4,4 , -Bls(3i3ropai^yroxy-2-gtyddy1oxypropyloxy)-pen2Dphenone 

55 

Epoxy equivalent : 276 
Yield ; 92.4 % 
\H (cm-*) : 

8 
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CH=C-(3300, 2100) 
-Ph-<1600 4 1600) 



CH.-CH-<910) 



H-NMR <ppm) : 



CH^-CH-(2.S-2.ff) 
0 



v 2 / 



Ph-H(6.6-7.0) 
Example 10 

zO 

4.4 , -BlsO-propargyloxy-2-g[ycitfyloxypropy1oxy)-biphBnyl 

Epoxy equivalent : 266 
Y1©W : 86.5 % 
23 IR (cm" 1 ) : 

CH^C-(330Q. 2100) 
-PM160Q. 1500} 

CH o -CH-(900) 



H-NMR (ppmjf : 
35 CH=C-(2.4S) 

CH -CH-< 2.6-2. S) 

\ Z / 
O 

40 

Example 11 

45 2.2-Bls(4^propaTpylQ}<y-a-fllycfdylQxyprDpyl<>xy)-2^ 

Gpoxy equivalent : 31 2 
Yield ; 6a3 % 
so IR (cm-l> : 

OH»C-{3300, 2100) 
-Ph-(1B00- 1 500> 

CH.-CH-(900) 

56 N z / 
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H-NMR (ppm) : 
-CHa(1.70) 



CH^-CH-(2.6-2 .9) 

X 2 / 

Q 



10 Ph-H(S^7.fi0 
Example 12 

1 .4-bisQ-propargy loxy-2-glytidy toxypropyloxyHbutane 

EpOxy equivalent : 165 
Yield; 77-2% 
CH-C^3300, 2100) 
-CH*-<2S50> 

20 



CH -CH~(90D) 



23 

H-NMR (ppm) : 

-CH 2 «(1.82) 

C]^C-(2^4) 

\ 2 / 
C 



35 

Example 13 

l t $-Bis(3"pfopargylQxy"a^lycit3y[QxypropylQxy>^xan8 

40 Epoxy equivalent : 1 85 
Yield : 80.0 % 
1R (cm" 1 ) : 
CH-C-(3300, 2100) 
-CHa-(2950) 

CH--CH-(910) 
\ Z / 



50 

H-NMR {ppm) 
Ph-H(6.B-7,&) 
55 Example 

^g-Bis[4^propargyloxy'2-glyctdyloxypfopylo^ 



10 



PAGE 65/77 ' RCVD AT 8/19/2005 3:49:03 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-6i27 * DNIS:2738300 • CSID:202 293 6229 " DURATION (mm-ss):18-54 



AUG. 1 9. 2005 4:12PM CBL&F202 293 6229 NO. 7225 P. 66 



EP 0 458 296 A2 



Epoxy equivalent : 450 
Yield : 88.1 % 
IR (cm" 1 ) : 
CH-C^OO, 2100) 

$ 



to 

H-N MR (ppm) : 
CH*C-(2.44) 



CH -CH-(910) 
\ Z / 



fS CH.-CH-{ 2,6-2.8) 

\ / 



Ph-H(B.3-7.3) 

20 

Example 15 

g£*B[g[4-(3-|^pargytoxy»2-glycjdylox^ ,1 .l^^^a^igxafruoropropane 

25 Epoxy equivalent : 345 
Yield: 91.0% 
IR (cm-1): 
CH^C-{3300. 2100) 
-PHHiaOO, 1500) 

so 

. . .. CH--CHr-{91Q) ■ 



55 



H-NMR (ppm) : 
CH=C-(2.44) 



CH-CH-( 2.6-2.8) 
V 2 / 



4$ Ph-H(B.6-7.8) 
Claims 

■ 

1. A compound of the formula: 

- 



its «^ 3 ^ Z 



I 

A -f OCH-CHCH -O-C-CSCH I 
OR R' 



wherein A Is the backbone residue of a glycidyl ether or ester type epoxy resin with removal of the 

11 
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terminal glycldytoxy groups; R' and R 3 an? independently a hydrogen atom or C-Cia alky I; B 3 is a 
hydrogen atom or glycidyi group: and n is an integer of greater trran 1. 

2, The compound as claimed in Claim 1 , wherein R 3 Is a hydrogen atom, and wnerein FV and R 2 ere 
* independently a hydrogen atom Or Ci-C* alkyl. 

a The compound ae claimed In claim i, wherein R 3 is a glycidyi group, and wherein R* and R* are 
independently a hydrogen atom Or Ci-C* a Iky I. 

to 4. The compound aa claimed in claim 2 or 3. wherein said residue A is derived from a bisphenol epoxy 
resin, a novolac epoxy resin, a glycol-digrycidyl ether epoxy resin, or a dioerboxyiic add-dlglycfdyl 
eater epoxy resin. 

Sw A method of modifying an epoxy resin having a plurality of terminal glyddyfoxy groups which 
fs comprises reacting said epoxy resm with an acetylemc alcohol of -the formula: 



20 



CH S C - 



C - OH 



ss wherein R 1 and R* are independently a hydrogen atom or CrCis alkyl* 

6. The method as claimed m Claim 5, whsrain the reaction is carried out in the presence of a basic 

catalyst 

j£? 7. A method of modifying an epoxy resin having e plurality of terminal glycidyloxy groups which 
comprises we steps of: 

(a) reacting said epoxy resin with en acBiylenic alcohol of the formula: 

1 

CK £ C - C - OR 



wherein R 1 and R* are independently a hydrogen atom or C1-C12 alkyl; 

(h) reacting the product of step (a) with epJchlorahydrine or glycerol-1 ,3-dichlorohydrine; end 

(c) reacting the product of step (b) with an alkali 

45 

a. The method as claimed in Cisim 7. wherein said step (b) Is carried out tn the presence of a Lewis acid 
catalyst followed by said step (c). 

9. The method as claimed in claim 7 or 8, wherein said step (b) and said step (c) are carried out 
50 simultaneously U gj n g an excess of epichlorohydrine in the presence of a phase transfer catalyst a 
tertiary amine or a quaternary ammonium hydroxide together with said alkaii. 

to. The method as claimed in anyone of Claims 5 to 9, wherefn R 1 and R 2 are independently a hydrogen 
atom or d-C* alkyl. 

ss 

11. The method as claimed in anyone of Claims 5 to io wherein said epoxy resfn is a bisphenol epoxy 
resin, a giycot-dlglycldyi ether epoxy resin, a drcarboxyUc acid-diglycldy] ester epoxy resin, or a 
novolac epoxy resin. 



12 
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